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INVESTIGATIONS  OF  THE  SURFACE  LATER  OF  LIQUID  SYSTEMS 


Vn.  SURFACE  DEMIXING  AND  VOLUME  FROPERTIES  OP  SOLUTIONS  OP  RINART  SYSTEMS 
B.  T«.  T«ltelb«um  and  O.  A.  Odpov 


Surface  demUlng  In  binary  liquid  lyitenu  [1]  it  due.  In  the  final  analytic  to  Ae  tame  factort  M  volume  de- 
mlxlng.  There  have  been  objectlani  to  thlt  [2^  which  contltied  of  the  view  Aat  demlxlgg  In  the  tuiface  layer  while 
Ae  lolutlan  tetalnt  Iti  homogeneity  In  the  bulk  it  Aermodynamlcally  ImpottAle. 

We  will  Aow  Aat  A  binary  tptemt,  under  definite  condlilont,  turfece  denfixlng  It  at  Aevitable  thetmo- 
dynamlcally,  at  It  demixlng  A  the  voAme  of  the  toAtAnt. 

Let  at  examine  a  tyttem  formed  by  the  ItvlA  A  and  1^  of  itmttMi  toliAlUty.  A  Pig.  1  the  tolnbUlty  curve 
it  leprctented  by  a  contlnuout  line.  Let  the  aurface  AaNoa  6f  Ae  first  component  be  gieatet  than  Aat  of  the  tecond, 
or  OA  >  OR*.  A  Aat  cate  Ae  conoennatAn  x  of  component  •  It  greater  A  the  turface  layer  Aan  N,  Ae  eoneenira* 
tlon  A  Ae  voluitte  of  the  tcAutlon. 


Fig.  1.  Relatlonihip  between  the  icgioni  of  voluttre  and  turface  demixlng  in  a 
tyttem  wlA  an  upper  critical  point  (Ae  region  of  turface  demUAg  It  Aaded). 

a)  A  the  fittt  of  Ae  Atee  potrfble  catet  At  ut  attume  Ae  activity  coefficlenta  A  Ae  turface  layer  and  A 
the  volume  of  the  tolodon  to  be  equal.  A  Ait  cate,  a  poAt  A  the  turface  Ayer  will  conetpond  to.  tay.  a  toAtion 
given  by  Ae  po At  v,  at  the  temperature  But  at  Ae  given  Amperatnre  A  Ae  tyt Am  A  question  the  existence  of 

a  tolutlan  wlA  concentration  x  It  thetmodynanilcally  Impoulble,  and  it  UAVltably  mpataAt  Am  two  tolutloni  1  and 
II.  Thus,  a  heterogeneous  tinfaoe  layer  Aould  conetpond  m  a  complemly  bomogeneout  lolutlon.  It  U  evident,  how¬ 
ever,  that  at  a  Amperature  above  Ae  critical  solubility  poAt,  for  exampA  jp  a  homogeneous  twface  layer  of  con¬ 
centration  X'  (the  point  i_')  oortesponA  m  Ae  mra  mluiion. 

b)  The  cate  when,  due  m  pecullarltiet  of  oiienutlon  of  the  moleciUet,  Ae  activity  coefficients  of  Ae  com- 
ponentt  are  gteamr  A  the  nnface  Ayer  than  A  Ae  voluttm  of  the  tolutAn,  to  Aat  A^  mutual  tolrftllity  A  the 
turface  Ayer  it  greaut  (the  corretpondAg  curve  A  Fig.  1.  b  It  Aown  byabroken  Unei  Ae  critical  toltAlUty  poAt 
It  at  a  lower  Amperature).  A  AA  cam  a  t mface  Ayer  compotltion  npremnAd  by  the  figurative  poAt  t,,  which  lies 
outside  Ae  demixAg  xone  A  Ae  turface  Ayer,  ccneipoBdt  m  the  solution  conildeied  pKVloutlyi  hence,  a  homo- 
geneout  turface  Ayer  corretpondt  m  AA  toAt'm.  Only  at  a  lower  Amperature,  for  example  tj,  A  Ae  figurative 
poAt  r  for  the  ti^ace  Mintlon  found  A  the  region  of  demAlng. 

c)  A  Ae  thud  pottlbA  cam  the  aciivtty  coefficleoA  of  Ae  comptuAUA  A  Ae  mfece  leyet,  doe  A  orlenu- 
don  pecuUarliiet  A  iMt  cam  alto,  am  peamr  Aan  A  Ae  mlnilen  volume.  The  mtlual  toliAUlty  of  Ae  eoraponenn 
A  Ae  turfece  layer  Aan  beeomet  Idm  and  Ae  rnnei|uui<lng  cmve  (btohaalina  A  Fig.  1.  c)  Uet  at  higher  tempera- 
turet.  A  AA  cam.  tmfooe  daaataAg  thoedd  tahe  pAce  UM  ealy  at  Ae  Ampemme  tp  at  whleh  Ae  Il«ilA  have 
UmiAd  HdiMIlty,  bat  at  Aa  AtriparaAie  tp  at  tthidi  aa  deuaWag  uhat  pUca  A  Aa  velaiae  of  Aa  mlaUoa, 
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Fig.  3.  bothennt  lot  fMin  ttakUiiy  la 
die  lyttem  nttrabenaene— B*heniie. 


Thu,  tutfaee  demixlng  roiM  Inevitebly  ocaa  In  definite  caiei.  and 
it  it  the  canta  of  cettain  ancmallei  in  ttae  vaiiadon  of  the  tutfaee  tentlon 
of  tolutfont  Midi  tempetatute. 

It  it  inteiettlBg  to  note  that  tveh  anonuUet,  known  ftevioatly  in 
aqneout  tolutiont  of  tpatlngly  toUikle  tubttancct  [3]  and  in  toludont  of 
oiganic  U<|uidt  wtdi  a  tendency  to  demixing  [4.  6],  wete  lecently  noted 
in  a  cerapleiely  new  Held,  namely  In  metallic  meltt.  Thut,  in  the  lyt- 
Ihnt  Ag~Fb  and  Ag~Bl.  which  have  a  tandancy  ■  damixlng  In  die 
liquid  tuta  and  which  have  neptlve  heatt  of  mixing  Metagei  [t]  found 
a  poddve  value  of  do/dT  ovet  a  wide  tanga  of  concenttadont  and  tern* 
petatatet.  In  addldoo.  we  can  clia  a  new  example  of  tinface  demlxlng 
in  tytierat  of  otganlc  ll«ildi,  dm  tytiam 

The  lyttam  nlnehen  aene  ~  n-hexane  in  many  mipectt  letemblet 
odiet  tyttemt  of  nltirtennene  with  hyihocalbont,  in  which  we  obtetved 
tutfice  demlxlng.  Them  worn  teaaont  fei  expecting  tutfaee  demlxlng  to 
eccut  In  ddt  tyttem  alto. 


The  piopetdet  of  the  nlttobenaene  nted  wem  given  In  out  aatUat  week  [t].  The  hexane,  aftet  dtylng  ovet 
metallic  todlnm,  dIttUled  In  the  tange  dT.T>dT.8*  at  748 mm,  and  had  dantlqr  0,8803.  The  toludont  of  the  tyt* 
tern  fotm  a  fMm  on  ihaklng,  The  ttablUty  of  the  foam,  detetalned  hy  the  tame  madwd  at  fbt  die  tyttemt  pte- 
vloutly  ttudle^  It  thown  In  Fig.  8.  The  maximum  foam  ttablUty  It  given  by  a  toluilen  containing  80  mol*ik  of 
hexane. 


The  letultt  of  Msfaee  tention  meatummentt  am  thown  In  Fig.  S.  At  wm  m  be  expected  die  come  of  the 
polythetmt  fet  tutfaee  motion  It  qpilm  analogaut  to  the  eontm  of  dm  polythaimt  In  many  of  dm  tytmmi  of  nltm* 
bennene  at  aalUne  with  hydrocaibont  ttudled  by  m.  At  In  dm  lymm  trabennene^B-oetnaei  we  obtatve  a  pracd* 
cally  unchanged  value  of  o  ovet  a  contldemble  tange  of  temputatnma  fm  loIntlOBt  containing  86  and  30  mol*^ 
hexane.  We  explalneueh  peenUaddet  of  dm  depeadenee  of  tmfaee  madon  on  tempetatnm  by  dm  attumpdon  of 
tutfaee  demlxlng  la  dm  tytrnm. 


Wldi  dm  aim  of  caneladng  dm  tempemium  vatUdoni  of  ddfOon 
pmpetdet,  we  cntdndoutnmatmetimBttefdmdlolocidftemmMna  oftO 
of  cyclohexane  In  aniline,  mpeadng  dm  meoiumiimiiH  id«^  f 
pon^  la  the  pepet  by  dmrablnett,  Flthct,  and  bOlcUna 


mnalon  Midi  vadadoot  of  eeitaln  volanm 
fauladtofddiiytmiBi  and  alio  of  tolndoni 


Fig.  3.  Folydmtmt  for  tmlkce  madoa  of  tatadlBna  In  '  . 
^  DatcmdaadcM  naada  by  1. 6,  CenaUna. 


F)g«  8,  Felydmnni  let  dm  dloleciilc  oonttaat  of  tolu* 

dona  la  dm  lyimHi  dMbaaaaan-nHwxana. 
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Ttie  meaiutemena  of  the  dielectric  couunt  trete  catiled  oat  hy  die  letonance  mediod  la  coaimicdon  with 
the  lubstltutlon  mediod.  The  ioitent  of  tnilng  the  geneteton  into  leioiieiioe  wei  detetmlned  wldi  gicatei  accutacy 
by  the  mediod  of  bean  with  the  aid  of  the  6E6  optical  iadlcaioi.  The  raeaaaieiiientt  were  made  at  a  beqneiicy  of 
SOO  Mlocyclei/tec,  The  fluid  capacitor  had  an  air  capacity  of  7580  niP.  The  mlntlon  being  meatured  was  isolated 
from  die  air  in  the  meatwing  capacitor  and  kept  at  a  constant  temperature  to  an  accuracy  of  *  0.1*  by  meant  of  a 
water  Jacket.  ~ 

The  results  obtained  Cot  the  system  nittohenseiia~n*hcatne  are  shown  in  Pig.  4.  These  resiiltt  diow  that  theta 
U  a  nguUr  dacreate  of  dielaeitla  oonstanl  as  tw  paat  flom  nlBobaniana  to  hnnoiM  -Utiildt  wWeh  gmatly  differ  in 
their  values  of  c.  We  alto  note  the  high  temperature  coefBclent  of  the  dielectric  constant  far  nltrobenaeoe  (which 
it  due  to  its  large  dipole  momentX  and  a  very  low  one,  close  to  aerob  far  hexane.  The  tempetatnre  coefficient  for 
the  soludont  hat  laiemiedlate  values. 

The  polydieniu  for  c  far  the  sdutlont  ate  tmoodi  lines,  neatly  taalgbt,  and  do  not  show  any  'Inflexlnns”  or 
other  anomalies.  Consequeatly,  the  trantfotmatlont  which  take  place  la  the  tnrfece  laye^  and  srhich  arc  clearly 
thosra  bn  the  ttafaoa  santion  polythermt,  are  not  found  am  die  dlelocalc  conttaat  caves,. 


Fig.  5.  Polythermt  for  die  dielectric  constant  of  cetuin  solutions  in  the  system 
aniline- cyclohexane.  The  topcutve  teptesenit  CfHiNI^. 

At  legards  the  meatuiemenis  of  the  dielectric  constant  for  the  system  aniline-cyclohexane,  these  were  made 
with  special  care,  at  die  aim  was  to  verify  die  data  already  published  in  the  Utoratnte.  The  desetmlnatloat  were 
made  at  intervals  of  1,  and  mote  rarely  of  8*.  The  tetnitt  of  the  meatnrenientt  ate  tliSwn  on  a  very  lage  scale  In 
Fig.  S.  Examination  of  thew  results  dtows  that  the  dielectric  conttaat  of  the  tolntfant  shows  tmoodi  variations. 
Although  die  valtie  of  die  temperature  coefficient  of  the  dlelectdc  cowtant  of  the  tolutloiu  varies  srtth  temperature, 
it  it  not  posdhle  to  find  on  die  polydieims  any  of  die  *lnflexlans*  reported  by  Siaiablnett.  Plsher,  and  Mllchlna.  A 
broken  line  on  the  graph  reptetents  die  line  wUch  these  authon  fenw  dnotigh  dm  'points  al  infleidon*  bora  their  le* 
suits  iex  dielectric  constant  [8].  The  dot'and-dadi  line  reynsents  the  boundary  of  sarface  demlxlag  of  die  tbludons 
fram  swfoce  tentlon  iBeasweaenit  [4].  At  sse  tee,  die  dielectric  constant  cimres  do  not  diow  any  devlationt  of  dielr 
course  at  die  cottespondlng  tempetatmt. 

Conse^aently,  bom  dieleciilc  oonttam  measurements  it  it  not  possible  to  report  objecdvely  any  sudden  changes 
of  the  stnsciwe  of  the  solution  (in  its  volanie)  at  die  terapnraiares  of  surface  damixlag. 

If  varUdons  of  struetBU  uha  place  in  the  aoimloaa,  they  anit  Inevitoblyba  refiectod  hi  die  value  of  dw  den¬ 
sity,  which  la  a  fundamental  ptoperty.  ThU  snasouing  fed  to  to  carry  out  a  dUansBeMc  investigation  of  certain  solu¬ 
tions  la  die  syttems  poaviouily  itn«e<  In  dsa  ismpniataio  lange  whnin  hsrfaen  dandling  is  observed. 

A  dUamnetar  of  about  •  ml  capacity  sms  nsei  tsidi  a  langaalilmtod  nook  lam  hi  dUnwtot.  The  apparatus 
WM  immaHad  in  a  warn  featmusiat  (dm  tampusturi  wm  nmimalnad  nanttant  to  an  acctnacy  of  ♦  8.88*),  and  the 
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Uqpt4  level  In  Ae  diUiainetet  neck  wet  detennlned  wlih  tfie  >14  of  e  catheioiiietet.  tf  thU  meeni,  demfty  veila* 
ttom  oonU  be  meuae^  wltfi  an  accaacy  of  ♦  1  •  lO”*.  In  addition  to  Itw  main  letlet  of  meannementi,  wMcb  In- 
clnded  a  Ml  heatlag  and  cooling  cycle,  lepeat  meanaementt  weie  aim  canled  out  on  the  tame  wlntiotti  at  variow 
lempetaMet  (when  tempetaton  leadUigi  weie  tahan,  the  dlUmmetet  wai  held  M  U-SO  mlnntet  mtU  all  dliplace* 
meat  of  dw  menlicm  completely  ceaied). 

The  retalii  of  daietmlaatloni  on  wlntloiM  of  20  mol*^  cyclohexane  +  SO  mol>1l  amHn*,  aud  SO  mol-1k 
methanol  ♦  80%  matlqrlane  am  d»wn  la  Pig.  8.  In  both  came  die  experimental  pelait  lie  well  on  a  mieodi  line, 
vaiy  aaeriy  MMlghh  Thera  am  nolalUidonrof  dovurieni  (Mid  dili  tuw.  ThU  ttdloom  drat  dia  onofflaleu  of 
volnma  expanrion  variee  emoothly,  and  eemeonendy  pravei  ceovlnclngly  dra  tbeanee  of  atnctmal  tramfotmatlant  In 
the  volnma  of  the  lolnilon  at  any  defialu  tamperataie  In  the  range  tnveitigated.  • 


Pig.  8.  Dllaumetric  cutvei  for  the  lolutlom:  1)  80  mol*%  cyclohexane  ♦  80% 
aniUne;  8)  30  iaol«%  methanol  *  80%  metltylaao;  o  ■  heaiingi  o  ■  cooUngi  *  • 
repeated  hearing!  Ah  •  height  of  the  Uqnld  level  la  the  dUatotneter  neck. 

Thw,  In  dw  carat  examined,  nnface  tenrion  meatoramenti  ditciete  efkctt  which  do  not  extend  to  the  whole 
bulk  of  dra  tolnrion  and  appettaln  only  to  dra  mtut  foyer.  The  demlxln%  pUch  b  fonad  la  dra  tarfaee  layer  from 
die  dau  of  lurface  tenrion  nraararamemt.  occrat  In  the  volume  of  dra  tolnrion,  Inevltahly  on  thermodynamical 
grouadi,  in  dUferam  clicnmitai*ei=at.dlfieram  tempeiatnrat  and  cenconirailont.  loth  the  effectt,  however,  ate  doe 
to  the  tame  canrat.  Therafora.  uiera  are  no  roatont  for  racking  aay'aew  carnet  (fot  example,  tbuctaral  eantforma* 
riom  in  the  tolutlon)  In  order  to  et^ldfat  the  natnra  of  the  anomaUet  whldi  am  obaeivod  In  iwfoce  tenrion  mearara* 
meaB. 


OUMMART 

1.  An  analyrit  b  ptcranted  of  the  poralble  rafotlanriilpi  between  the  leglont  of  volnine  and  nnface  demlxlng 
in  the  coordlnaiBi:  tempeiatura-ooncentrarion.  Surface  demlxlng  b  drawn  m  be  thermodynamically  Inevitable. 

-8,  The  nnface  temlon  and  foam  itabiUty  in  the  lyttem  nltiabeaane-a>hexane  bar  been  itiidled  polyther- 
mally.  The  rentln  Indicate  the  exltteaoe  of  nnface  demlxlng  In  thb  tyttem. 

-3;^  Polydiermal  meatraeraemt  of  the  dielectric  conetaat  have  been  eatiled  oat  an  the  tame  lyttam,  and  alto 
on  tolniiooi  of  cyclohexane  la  aaUlna.  Two  totmtani  wara  itndiod  dUaiataudeallyi  80  iaDl*%  cyeUhexaae  v  80% 
aalUae.  and  80  mol>%  methanol  *  80%  merityteaa. 

«.  The  polytheimi  of  foe  votamra  paopeittot  ttadtod  do  mi  fonr  any  —mallai  at  laiitperatHra  oottetpondlq 
to  inrface  dembriag.  ; 

The  A.  E.  Aibnaov  Chemieal  Imtliata,  KaMa  INrieh,  Aeadtay  of  Ibeotvad  Jtma  88,  1884 

Sclenoet  USSR,  The  V.  M.  Molotov  Hatvofrityi  ■HiOt'. 
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